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The Accident

At approximately 1031 ,]-'/ June 30, 1956, a Trans World Airlines Lockheed
10494, ¥ 6902C, and a United Air Lines Douglas DC-7, N 6324C, collided at about
21,000 fee over Grand Canyon, Arizona. Both aircraft fell into the Canyon
near the confluence of the Colorado and Little Caolorado Rivers. There were no
survivors among %..¢ 128 persons aboard the flights (70 sboard TWA and 58 aboard
United). Both aircraft were destroyed.

History of the Flights (See attachment 1 as reference.)

1. Trans World Airlines

On June 30, 1956, at 090L, Trans World Airlines Flight 2, a regularly
geheduled passenger service, took off from runway 25 of the Los Angeles Inter-
national Airport. Flight 2 was on an instrument flight rules (IFR) flight plan
fram Los Angeles, California, to Kansas City, Missouri, vie Greem Airway 5,
Amber Airway 2, Daggett direct Trinidad, direct Dodge City, Victor Airway 10
Kansas City., The flight plan also proposed & eruising a‘l.titurle of 19,000 feet,
a true airspeed of 270 lmots, and a departure time of 0830. The Trans World
flight crew consisted of Captain Jack S. Gandy, Copilot James H. Ritner, Flight
Enginger Forrest D, Breyfogle, Flight Engineer Harry E. Allen (aboard as an
additional crew member), and Hostesses Tracine E. Armbruster and Beth E. Davis.

Preparations for Flight 2 were routine except that deparfure was delayed
a few minutes by minor maintenance on the aireraft. The flight was dispatched
with 3,300 gallons of fuel and the load manifest showed the gross weight of the
mirveraft at takeoff was 108,1L5 pounds, well under the maximum allowable of
113,200 pounds, The load was properly distributed with respect to center of
gravity limitations of the alrcraft.

1/ Times herein are Pacific standsrd and based on the 24~-honr clock.

2/ Al titudes herein are mean sea level, distances are nsuticsl miles
urless otherwise indicated.
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As requested, the flipght, after takeoff, contacted the Los Angeles
tower radar departure controller, and was vectored through an overcast
which existed in the Los Angeles area. After reportang "on top" (2,400
feet) the flight switched to Los Angeles Air Route Traffic Control Center
(referred to as Los Angeles Center) frequency, 118.9 mes., for its en route
¢learance. This clearance specified the routing as filed in the flight plan,
however, the controller specified that the flight climb to 19,000 feet in VIR
conditions. Tmmediately thereafter TWA 2 asked for a routing change to Daggett
via Victor Airway 210. This was approved in a routine manner.

At 921, through company radio commmnications, Flight 2 reported that it
was approaching Maggett and requested a change in flight plan altitude assign-
ment from 19,000 to 21,000 feet. ARTC (Los Angeles Center) advased they were
unable to approve the requested altitude because of traffic (United Air Lines
Flight 718). Flight 2 requested a clearance of 1,000 feet on top. Ascertain-
ing from the radio operator that the flight was then at least 1,000 on top,
ARTC cleared the flight.

At 0959 Trans World 2 reported its position through company radi¢o at
Las Vegas. It reported that it had passed Lake Mchave at 0955, was 1,000 on
top at 21,000 feet, and estimated it would reach the 321-degree radial of the
Winslow omni range station (Painted Desert) at 103L with Farmington next. This
was the last radio commnication with the flight.

2. United Axr Lines

Un:ted Aair Lines Flight 7.8 was regularly scheduled from Los Angeles to
Chicago, Illinois. On June 30, 1556, 1t took off fram runway 25L (left) of the
Los Angeles International Airport at 0904 (three mirnutes after TWA 2). Flight
7.8 was on an IFR flight plan to Chicago via Green Axrway 5 Palm Springs inter-
section, direct Needles, direct Painted Desert, direct Durango, direct Puello,
direct St, Joseph, VWetor Airway 116 Joliet, Victor Alirway 84 Chicago Midway
Airport. The flight plan proposed a true airspeed of 288 knots, a cruising
altitvude of 21,000 feet, and a departure time of 0845. The flight crew con-
sisted of Captain Robert ¥, Shirley, First Officer Robert W. Harmms, Flight
Engineer Gerard Fiore, and Stewardesses Nancy L. Kemnitz and Margaret A, Shoudt.

\ Flight preparstions and dispatch of United 718 were routine and the air-
icraft departed with 3,850 gallons of fuel. The company load manifest showed
“the gross weight of the aircraft at takeoff to be 105,835 pounds, which was
less than the maxdmun allowable of 114,060 pounds; the latter weight was re-
gtricted from a maxamum of 122,200 pounds for the aircraft because of a land-
ing limatation at Chicago. The lead was properly distributed with respect to
the center of gravity limitations of the aircrafb.

After takeoff the flight contacted the Los Angeles tower radar controller,
who vectored i1t through the overcast over the same departure course as TWA 2.
United 718 reported "on top" and changed to Loz Angeles Center freqency for
its en route clearance. This corresponded to the flight plan as filed; however,

the controllser specified that the climb to assigned altitude be in VFR condi-
tions.
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Flight 718 made posaition reports to Aeronautical Radio, Inc., which
serves under contract as United company radic. It reported pessing over
Riverside and later over Palm Springs intersection. The latter report
indicated that Unaited 718 was still elimbaing to 21,000 and estimated it
would reach Needles at 1000 and the Pairted Desert at 1034.

At approximately (958 United 718 made a position report to the CAA
caomunications station located at Needles, This report stated that the
flight was over Needles at 0958, at 21,000 feet, and estimated the Painted
Desert at 103, with Durango next.

At 1031 an unidentified radio transmission was heard by Aeronsutical
Radio cammunicators at Salt Lake City and San Francisco. They were not able
40 understand the message when it was received but it was later determined
by playing back the recorded transmission that the message was from United
8. Context was interpreted as: "Salt Lake, Unzted 718 » « ¢« 8h . . &
we're going in."

Investigation

When neither flight reported passing the Painted Desert line of position,
CAA and company ground cammunications attempted to contact them. This was
msvecessful and a radio search was then made by several commications sta-
tions along the proposed routes, using mmerous radio frequencies available
to the flights. At 1151 a missing aircraft alert was issued, fdllowed by
inpl ementation of search and rescue procedures.

That evening a pilot who operated scenic flights over the Grand Canyon
heard about the missing aircraft and recalled having seen light smoke rising
out of the Canyon earlier in the day. With his brother, he returned to the
area, flew into the Canyon, and during a low pass was able to identify the
empennage of the TWa Constellation. He reported the finding immediately and
the next day made another flight, during which 2t was ascertained that there
was a second wreckage approximately one mile from the first. There were no
signs of survivors on either occasion.

On July 1 an Air Force helicopter from a Search and Rescue umt landed,
under hazardous conditions, at the TWA site. After careful consideration,
planning, and trial flights, a successful landing was made by an Army heli-
copter pilot at the United wreckage. On both imitial landings a medic ac-
etmpanied the helicopter pilot and, after examination, reported that no one
had survived either crash. During the followmng days Amny units provaded
transportation, under extremely hazardous conditions, to and from the sites

by helicopter, malang it possible to reach the ctherwise nearly inaccessitle
areg..

The L-1049 Constellation crashed in a draw on the northeast slope of
Temple Butte, which is on the west bank of the Colorado River within the
Grand Canyon. The main wrecksge site was et an elevation of 3,400 feet,

The wreckage was found strewn across the draw along 2 southwesterly heading,
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with portions of the ncse section on the south bank of the draw and sections
of the ecabin fuselage on the north bank. 4 relatively short wreckage distri-
bution path showed that the aireraft contacted the grownd st a2 steep angle.
The distribution and condition of parts indicated the Constellation was in-
verted at initial Impact.

Severe disintegration of the L-1049 occcurred during ground impact,
followed by an intense ground fire. Together, these caused nearly total
destruction of major portions of the aircraft. It was possible, however,
to identify a sufficient number of parts to show that with the exeception of
the L-1049 empennage, portions of the aft fuselage, and 1ight pieces of aft
cabin interior, all of the alrcraft was at the main wreckage area. Here
several pieces of the DC-7 were located. All of these were identified aas
being parts of the I0-7 left ocuter wing structure.

The main wreckage area of the DU~V was located 1.2 statute miles noxrth-
east of the L-1049 area. Exsmination revealed the DC~7 struck the south face
of Chuayx Butte opposite the Litile Colorado River. Impact was about L0 feet
below the top of this ridge at an elevation of 4,050 feet, Inatial impect
was on & northeast heading with the aircraft nosed down and its right wing
below a level attitude.

Impact forces cansed severe disintegration of the DC~7 with major com-—
ponents falling into an inaccessible deep chimney and upon sheer ledges below
the impaet site. An intense ground fire followed impact. Except for a large
portion of its left wing, the DC~-7 major eomponents were accounted for by
identification of parts and paeces found at or reasonably near the main wreck-
age area.,

During the difficult and hazardous structural investigation every effort
was made to determine whether or not an inflight callisicn had oecurred and,
if s0, the manner in which the aircralt collided., Results of this work dis—
closed several areas of damsge which conclusively established that such eolli-
sion did occur. These areas also provided material for an analytical study
relating to the physical relationship of the aircraft to each other at the
instant of the inflight impact.

One of the gignificant areas involved in the inflight contact was the
left outer wang panel of the DC-7, Pisces found represented the wing panel
from 1ts tip inboard to station 453, a length of about 20 feet. Much of this
gtructure bore evidence of the inflight collision. Sane portions of the upper
surface, leading edge, and aileron were missing.

The largest single piece of left wing cuter panel was found between
Temple and Chuar Buttes about one~thard mile west of the TWA wreckage site.
This piece consisted of the outer portion of the pancl from the tip inboard
to spproxumately station 627. To this station the upper snd lewer wing skin
and the leading edge were generally intact. Portions of lower skin were in
place for another six feet inboard. Ccllision evadence in the form of denmta,
scratches, tears, and bends were found on much of the lower surface of this
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entire structure. FPart of this damage consisted of an upward and inboard
deformation in the wing tip cap between the position light and aileron cove,
fack rubber smears and red paint smudges were evident at several locations
in the deformation., Examination showed the smears on the UC-7 were fram the
I~1049 deicer boot; 2lso, the paint smudges were from the L-1049.

A fragment of DC-7 wing tip assembly was found separately. This ll-~inch
vlece was part of the aileron cove from the extrems wing tip area. Fragments
of top and bottom wing skin were still attached to this piece., Just aft of
the tear the tip radius was deformed inboard, rearward, and uvpward with heavy
deposits of L-1049 red paint in the crmpled area., ¥Further, the tip lower
gurface inboard to the tip attach point was deformed upward and marked by
seratches running inboard and aft. Also, in this general arez on the lower
wing surface there were numerous black rubber smears and additional scratches.
The smears and scratches ran diagonally af't and inboard about 23 degrees in
relation to the wing center spar lins.

Two pieces of the IX-7 left aileron were found representang the tip area
inboard t¢ about station 656. These pireces were severely buckled inboard and
upward and both bore heavy deposits of black rubber smears on their lower
surfaces,

Between stations 627 and 603 the wing leading edge of the DC-7 was
deformed rearward and outboard. Rearward and inboard scratches on the lower
leading edge wore continuous through areas of deep buckling, indicating they
were made before the leading edge struck the object causing buckling. Aft
¢f the leading edge on the lower wing surface there were more scratches rm-
ning aft and inboard at an angle of approximately 25 degrees relatiwve to the
center spar. In this specific area there was no evidence of the black rubber
amears.

At the I-10Q49 wreckege area a section of lower wing skin from the DC-7

wag Found. This section was from the left wing where the aircraft registration
is painted and bore portions of numbers "6" and "3.% Scrape marke corresponded
directionally to those previously described. Imbedded in & tear on this part
was a piece of Constellation headlining vsed in the aft eabin eeiling. Bromm
amdges running in the same general direction as the scratches were determined
by chemical analysis to be material used to seal Constellatzon fuselage seams
and stringers in the pressure cabin avez.

A second area of damage significant to the investigatory objectives and
closely allied with the IC~7 wing damage was the Constellation empemnage. Thas
major compoment had struck the ground inverted but came to rest in an upright
position sbout 550 yards north of the coneentration of L-1049 wreckage. It
wme generally intact except for the left and right fins and rudders. Respect-~
ively, these were found about 30 and 10 yards removed. The distance of the
enpermage from the rest of the L-1049, together with the evidence of severe
damage where it was separated from the aft fuselage, showed this major compon-
ent had separated in flight after collision impsct. Heavier pieces of the
L1049 aft fuselage structure and aft interior equipment were fomd west of
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the main TWA wreckage site. Light interior maternals from the aft fuse-
lage were found on Cape Solitude 1-1/2 miles east, indicating that they
were torn or spilled out at a sufficient altitude to drift this distance.

Two pieces fram the Constellation empennage were recovered away Irom
the main empennage at sufficient distance to indicate separation prior to
gromd impact. These, consisting of sections of the left upper fin leading
edge and bearing portions of red and winte stripes of the Constellation
color scheme, showed collisicn evidence. One piece was concaved on its
leading edge, in the area of the red stripe, by an object moving right to
left,. The concave area fitted precisely with the damage on the DC-7 left
wing tip. The red paint found on the wing tip came from this red stripe,
and the black marks resulted from contact with the fin leading edge deicer
beot, The second piece, which fitted below the concaved piece, was crumpled
to the left by the same force that damaged the concaved piece.

The L-1049 aft fuselage was a third area of collision damage. Most
significant was a plece of fuselage skin about 1-L/2 x 4 feet in size.
Identification showed it came from the upper rmght side of the Constellation
fuselage just forward of the tail. Its outer surface was painted white.

This metal piece was bent inward abeut 90 degrees so that iis inner surfaces
were folded toward each other. There were red; tlue, and black marks in
varicus directions on the whate ocuter surface paint in the area aft of the
bend. In addition to these marks there were gray deposits in a random pat—
tern creating a stippled effect over the entire surface. Together with these
there were also long grayish smears progressing in the same dirsction as the
stiprling. Pileup of the individual marks wrthin the deposits was heavier on
the upper edge. This evidence indicated that the gray deposits were made by
an object moving up and along the circumferential frames of the Constellation
fuselage.

The final area of important damage was also in the aft fuselage of the
L=1049. It was a series of three propeller cuts in the lower and bettam
fuselage in the vicinity of the rear baggage campartment. The cuts were
generally upward and inboard and of varying lengths. They were essentially
parallel about 35 inches apart with the mnddle cut about 52 degrees relative
to the longitudinael axis of the aircraft. Red and bluve paint marks at the
edge of one cut in the baggage bin area coincided wzth the paint scheme on
the DC-7 prepeller.

Two additional propeller cuts were located in the L-1049 forward fuse-
lage. One cul wes approximately i line with the L-1049 No. 3 propeller arc
and the other was about four feet forward. This damage was not consistent
with the other collaision damage and the cuts were probably made by the pro-
reller of the Constellation during ground breakup.

Other areas of both aircraft were involved in the collislon. Some were
secondary or cwmilative to the evidence already described and others, although
important for other reasons, were not indicative of the Inflight impect.
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Investigation showed that normal and routine preparations were made
for the flights. The TWA Constellation had received a periodic maintenance
check at Los Angeles and except for minor discrepancies, not affecting air-
worthiness, was in good condition. The DC-7 was checked at Los Angeles and
at departure there were no mechanical discrepancies or carryover items. Ths
flight engineers had performed preflight and walkaround inspections of their
respective aireraft.

Both flights were planned as high-altitude operations (above 14,500
feet west of the 1l0O-degree Meridian) which wunder current regulations and
operating specifications permatted them to be planned and flown off airways
over direct courses to take advantage of the mogt favorable weather and wind
factors as well as the shorbest distance between origin and destinatlon of
the long-range nonstop flights. Before flight, however, a definite flight
plan is required over the direct route with rmmercus reporting polnts indi-
cated to clearly define the proposed route to be flowm. To this end numerous
company high-zltitude routes have been established. TFrom these the most
favorable is selected for an indivadral operation commensurate with existing
conditions.

United Airlines' operational policy permitied a high-altitude flight to
be conducted on an IFR or VFR flight plan but the company did not permt its
flights to be flown in instrument westher conditions, regardless of the flight
plan, during that portion of the flight off airways., In this regard Trans
World Airlanest policy, at the tame of the accident, permaitted off airways
flights in instrument weather conditions but only on an IFR flight plan with
an asgipned altitude, Yhen operating 1,000 on top the company required ad-
herence to wisual flaght rules.

The pilots were briefed on the anticipated weather conditions before
flight time. These indicated conditions well within limits for takeoff and
for the planned duration of the flights. Captain Gandy, with nearly 15,000
flyzng hours, had flown the subject route approxmately 177 times and was
well qualified. Captain Shirley, with 17,000 hours, had flown the operation
since October 1955, and he also was well qualified. Similarly, the other crew
members of both flights were experienced. All, according to documentary evi-
dence, were rested, in gocd physical condition, currently qualified, and cer-
tificated for their positions.

The flights reported i1n a normal manwer as they progressed eastward.
Except for the final transmission of United 71E, the reports were withoui
indication of any difficulty. The individual company dispatch offices fol-
lowed the prrogress of their flight in a regular mznner accordang to their
respongaibility.

Approachaing Daggett the TWA flaight asked for = change in its flight
altitude from 19,000 feet to 21,000 feet on 1ts IFR clearance, and if unable,
1,000 om top. The TWA radic opsrator whe received this request from the flighi
called Los Angeles ARTC and at 0921 advised, ¥T# 2 33 comng up on Daggett
requesting 21,000 feet.® The Los Angeles cantroller itnen contacted the Salt



-8 -

Lake ARTC controller and sald, "TWA 2 1s requesting two one thousand, how
does it look? I see he is Daggebt direct Trainadad, I see you have United

718 crossing his altitude - in hic way at two one thousand.® According to
the recording of this conversation the Sali Lake controller replied, "Yes,
their courses cross and they are right together." The Los Angeles control-
ler then called the TWA radio operator and said, ®Advisory, TWA 2, unable
approve two one thousand." At this time the radio operator interrupted and
said, "Just a minute., I thaink he wants a thousand on top, yes a thousand on
top mtil he can get it." After determining from the flaght, through the TWA
radio operator, that it was then 1,000 on top the Los Angeles controller
issued the following amended clearance, PATC clears TWA 2, maintain at least
1,000 on top. Advase TWA 2 his traffic is United 718, direct Durango, esti-
mating Needles at 0957.%" The TWA ground radio operator stated that this clear—
ance was given TWA 2 and it was repeated back to him verbatim by the flight.
The operator said that in this transmission he wncluded the information con—
cerning United 718, addang that it was at 21,000 feet which he concluded from
the overall situation although the altitude was not part of the infommation
from the controller, The TWA operator testified that he recognized Captain
Gandy's voice and that the capbain acknowledged the information on the United
flight as "raffic received."

The two controllers participating in this action were called to testify
at the Board's public hearing. In response to questions they stated that
because TRA 2 would soon pass from the Los Angeles ARTC area of responsibility
to the Salt Lake area it was necessary to coordinate the TWA request for alti-
tude change. Both stated that at this time the flights were IFR traffic oper-
ating in controlled airspace and ARTC was required to separate them from each
other as well as from any other aircraft on IFR clearances. The controller
who gave the clearance said he offered the United Information to TWA merely
as an explanation for the denial of 21,000 and not as & traffic advisory.

The Director of the CAA Office of Air Traffic Control explained that
when TWA requested 21,000 feet the flight had not reached Daggett nor had the
United flight reached Needies. They were not traffic for each other at that
time but in projecting their tracks eastward both would cross Red Airway 15
with i1l-defined horizontal separation. On thas alrway ARIC was required to
gseparate the flights; thus TWA was dsnied 21,000, The wrtness added that this
separation was an ARTC respongibility for instrument flights orly in the con-
trolled airspace and that Red Airway 15 was the last such area for the flighis
to traverse until they were well beyond the accident scene. He said that ARTC
maintains only progress information wath respect to IFR flights flying through
uncontrolled airspace and that this information is used for the purpose of
prownading a safely spaced flow of instrument traffic into the next controlled
airspace to be entered. He stated that air traffic control does not provide
any control service or function in uncontrolied airspace. The witness explain-—
ed that flights are not bound by clearance or flight plan, whether VFR or IFR,
while operating in wncontrolled airspace and that instrument traffic must only
leave and reenter a control area according bo traffic control clearance. The
controllers! mamial of control procedures (ANC Manusl) states that, "Clearances
authorize flight within contrcl zones and control areas only; no responsibility
for separatiem of aircraft outside these areas is accepted.®
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When TWA amended its flight ylan from an assigned 19,000 feet to 1,000
feet on top, no 1nformation concerning this waz given to United 718. The
Director of Alr Traffic Control stated that none was required though the
flights were in controlled airspace at the time. The clearance to THA 2 was
t0 maintain 1,000 feet on top while it was in a control area. The witness
said the flaght was not restricted to any specific altitude in control areas
except that it be at least 1,000 feet above the general cloud layer. When
outside controlled airspace and under certain conditions of lamited vasibil-
ity flight should be conducted at an altitude conforming to the "Quadrantal
Rule." The witness stated that the controller therefore did net know what
gltitude Captain Gendy would select as a cruising altitude or if he might
later change the altitude from time to time. The witness stated that with
respect to separation the TWA flight at this time was a VFR flight and that
the basic VFR minirums applied for it to mainfain flight in VFR conditions.%/

Civil Air Regulations do not provide a definition for 1,000 on-top
operation either wathin or ocutside controlled airspace; however, with respect
to on-top operations in control areas the ¥Flight Informetion Manual states,
"4t Jeast 1000 feet on top! (LOTOP) may be filed in an IFR flight plan, or
assigned by ATC in an IFR clearance, in lieu of 2 cruising altitude. Even
though this type of operation places the responsibility for aveidance of col-
lision with other aircraft on the pilot, the flight is an IFR operation and
mst obtain an amended clearance for z specific altitude before proceeding
into IFR weather conditions." It further states, "Air Traffic clearances
which gpecify 'at least 1000 feet above all clouds! in lieu of a cruising
altitude permits flight to be conducted at any altitude at or above the mini-

mm en route altitude (£FA) which 1s 1000 feet or more above the cloud layer
"

The present concept for separation of aircraft and aveidance of colli-
sion in VFR weather conditions, regardless of flight plan or clearance, de-
rends on the flight crews' ability to visually provide separatien between
gireraft,, Cival Air Regulations expressly place thas responsibilaty om the
rilots2’ and the concept is comonly referred to as the "see and be seen®
pranciple. es for avoidance and raght-of-way are set out in the Regula-
tions also.®/ With respect to an IFR flight operating in VFR weather condi-
tions the Flight Information Manual states, "During the time an IFR flight
is operating in VFR weather conditions, 1t is the direct responsibility of
the pilot to avead other aircraft, since VFR flights may be operating in the
same area without knowledge of ATC." In conscnance with these provisions the
vast percentage of flying today is separated by the "see and be seen" philos-
ophy with little or no external traffic control assistance.

Civil Adir Regulations. Part 60.32 (b) 1, 2, 3, and 4.
Civil Air Regulations. Part 60.30 (b) (1).
See CAR Part 6012 (c)

See CAR Part 60.14 (a) throuvgh {¢) and CAR Part 60,15,

R

R
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At 0958 Tnited Flight 718 reported its position to the CAA cammmia-
cations station located at Needles. This report indicated that the flight
was over Needles at that time, its altitude was 4,000 feet, and it antici-
pated reaching the Painted Desert line of position at 103l (revising the
previous estimate of 1034}, The flight indicated it would thereafter report
over Durango. The Needles camunicator forwarded this report, according to
routine procedure, to the Albuquerque center at 100l and to the Salt Lake
center about 1013, The communicator stated that forwarding the report to
Sdlt Lake was delayed by an interphone tieup. The controller at Salt Lake
receiving the report was the one who previously was involved in the decision
which denled TWA 2 the request for 21,000 feet as a cruising altitude when
the flight was approaching Daggett at approximately 0921.

At 0959 Trans World Flight 2 reported its position to company radio
located at Las Vegas., The flight reported it had passed over Lake Mohave at
0955, was 1,000 on top at 21,000 feet, and estimated reaching the 32l-degree
radiadl of the Winslow amni range station (the Painted Desert line of position)
at 1031, with Fammington the next reporting position. In response to this
the ground cammmnicator repeated back the information, added the barametrie
pressure for Las Vegas, and told the flight that this pressure was falling
rapidly. At 100 the Las Vegas TWA comnunicator promptly forwarded this
position report over long-line interphone to the Salt Lake center. This
report was received by the CAA sector controller at 1001, The sazme control-
ler received the position report of Umited 718 at 13 from the CAA Needles
corminicator.,

During the pubtlic hearing the Sdlt Lake controller and the CAA Inrector
of Air Traffic Control were questioned as to whether or not traffic advisory
information should have been issued the flaights when the controller had re-
ceivea position reports fram both flights and knew both were flying at the
same altitude, estimating the Painted Desert line of position at the same time
on converging courses. The controller stated that when the reports were re-
ceived by him he had no lmowledge of the track that either flight would make
to the line of position because both were in the uncontrolled area and a
gpecific track was not required. He said the Painted Desert line of position
is neariy 175 miles long with no definite position within this distance. The
egtimates from the flights, therefore, did not mean they would converge there
but merely that both would pass the line eastbound at that time. He testified
that he was not required to give advisory information to flights winch were in
uncontrolled airspace and it was only a discretionary duty in the controlled
area. He also said this advisory service would not be possible as a day-to~
day practice without contrel of flights and more definite position inforpation,
as well as additional facilities and personnel.

The CAA Director of Air Traffic Control testified concerning the situation 2
stating that it was not the policy or concept of Air Traffic Control to provide
traffic information outside of controlled airspasce. He sald normally such
information would be of little walue. Many aircraft unknown to Air Traffic
Control may be operating in this area; further, Air Traffic Combrol has no
authority over those aircraft that are known. The witness testified that with
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regpect to these two particular flights, the controller certainly lmew about
them; however, he explained that advisory information must be viewed in its
oversll application in day-to-day operations. He stated that advisory ser—
vice for traffic in uncontrolled areas would be tantamount to positive con-
trol of 2ll traffic which would require personnel, facialities, and equipment
not presently available. He added that this was lmown to be correct, having
geveral years ago attemphted to provide this service on a test and evaluation
basis. He added that the workload of an advisory service was found to be
nearly equal to that required for a control service. He concluded that the
mresent conplement of persons assigned to perform the controller's funetions
in the uncontrclled areas could not be considered sufficient to offer either
an adwvasory service or perform a control service,

Investaration relating to the progress of the flights shows they were
according to the established performance of the aircraft. Both flights made
good their estimates between positaion reports until the segments immediately
mior to the Painted Desert line of position; for United from Needles and for
THA from Lake Mohave.

According to the United estimate the flight would reach the Painted
Desert at 1031, or 33 minutes after passing Needles. Investigation showed
the accident occurred at 103L, approxamately 17 mlee or mearly 3-1/2 minutes!
flying time from the position of expected progress. Compared to ancther United
flight, 708, a DC-7, which climbed over the same course to cruise at 4,000
feet, approximately one hour earlier, Flight 718 should hawve reached the Painted
Degert in its estimated elapsed time. Cruise performance of the aircraft also
showed the estimate could have been made.

THA Flight 2 also was making good its estimates as it climbed toward
Lake Hohave. The estimates were in accord with accepted performance of the
Constellation and the flaght estimated it would reach the Painted Desert at
1031, or 36 minutes after passing Lake Mohave. This flight also was approxi-
netely 3-1/2 minutes'! flying time from its estimated position when the calli-
slon occurred,

Winds aloft were carefully reviewed to determine whether or not they
could have been a factor in the delays. It was learned that these winds were
light in consideration of altitude and varied little from ths winds forecast.

Determination of the time of the accident was an important phase of the
Board's investigation. The severe damage sustalned by the United Aircraft
leaves 1ittle question but that the aireraft crashed scon after the collision
and therefore the last transmission from its crew came very close to the cclli-
sion time,. RKnowing the recording that contained the transmission also containe
time checks and operafted relative to actusl time, 1% was learned that the mes-
sage began at 1030:53. Pilots who kmew the United crew and heard the final
message or its transcriptien felt with relasble assurance thet the voics was
that of Rirst Cfficer Harms.
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The recorded transmisgsion itself was also examaned under laboratory
conditions to determine what the exact message was, whether or not anything
was said which was inaudible under nommal listening conditions, and whether
or not the tragedy was reflected during all or just part of the message.
The latter objective would assist in determining whether or not the -7
crew alghted the L-1049 during the transmission and if the accident occurred
during it. The analysis was based on a correlation of the spoken words with
& spectrograrhic analysis, a technique used in "Visibtle Speech." Tests invelv-
ing binaural listening and speech stretching were also made.

The laboratory results showed the principal speaker said, "Salt Lake,
area (or ah), seven eighteen . . . we are going in."Y/ TDuring the time
represented by the dots a second speaker yelled two known words which were,
"ip . + « up.” Thais speaker also yelled words which preceded "up." These
were indefinate but fitted energy patterns of "look," "pull," or "ecome.™ The
tests showed clearly that the prancipal speaker throughout was speaking
between 100 and 200 cycles above the nomal male voice pitch spectrograms.
The background or second speaker's pitch was even higher, being well above
that of a female voice; however, 1t was fairly certain that it was a neale
speaker. According to the laboratory study both general voice patterns,
particularly as to pitch, showed the speakers were under great anotional
stress, indicating that they were already in serious trouble.

An exhaustive search for eyewitnesses to the inflight collision was
conducted. Many persons were contacted in the popular tourist area, as were
employees of the Grand Canyon Park Service and residents of the surrounding
areas. During this search no witnesses were found who saw the collision
although at least one person apparently saw smoke from the crashes and dis-
missed it as a brush fire in the Canyon. Later, on July 10, two witnesses
were made known to the Board and were called to appear at the public hearing.
These witnesses stated that while draving west on Route 66 between Winona and
Flagstaff they saw two aircraft collide. Their descriptions fitted the subject
alreraft and especially the Comstellation, Both watnesses stated that when
collision occurred there was no evadence such as fire, smoke, or falling pleces
and that following impact the aircraft seemed %o continue on without falling
but locked together.

Under intensive questioning, one of these witnesses testified that at
the time she saw these two rilanes she saw them come together. Asked if she
saw them collide she said she didn't realize at the time that they had.
Questioned further as to how close they came together, she replied,"Too close.®
She was asked 1f she observed any space separating the two aircraft and she
angwered, "Just between the two tails.® The witness was asked had she seen the
two planes callide would she have said something about it to her husband. She
replied that she would have but that she and her husband didn 't discuss it.
She further stated that she didn't recall her husband saying anything to her
about the collision. The witness, a regastered nurse, was asked if there had
been any thought in her mind that this was a collision wouldn't she have gone
to the nearest telephone and made same call to same official body of some
authority. She said that she would have.

7/ Tafferences between initial listeming and laboratory results relative
to message context are recognized. See page 3.
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Investisation showed that the collision occurred a short distance
west of and above the wreckage locations, approxmmately 70 mles from the
witnesses. Calculations and visual eapabalaity indicated that at this
distance 1t would be ampossible to see distinguishing thysical features of
the aircraft and nearly lmpossaible to see the aircraft. Relative pesitions
with respect to each other if visible, would be extremely deceptaive. The
Board does not question the sincerity of these witnesses but believes they
mst have seen two other aircraft; several are known to have been operating
in this general area. At a considerable distance and at certain angles of
observation two widely separated aircraft could well present the illusion
of a eollision.

A third witness reported having seen a puff of smoke in the sky over
the Grar” Canyon area. This witness was near Winslow, about B0 miles from
the accident site, and was alsc proceeding in a private automobile west on
Route 66. The puff of smoke seemed very high and from it two objects appeared
t¢c fall on a trajectory path and disappeared into lower clouds. This observa-
tion may have been the collision but because little detail could be seen it
sdds 1ittle to the investigatory obJjectives other than those already clearly
established by more positaive evidence.

To establish conclusively the importance of the information offered by
these witnesses, Board investigators were stationed about 14 miles east of
Flagstaff, the approximate position of the nearest witnesses as indicated by
their testimony. On separate days United and Trans World fliights flew the
proposed routes of Flights 2 and 718, makang position reports to the investi-
gators according to a prearranged detailed plan. These were received by a
CAA communacations truck located with the investigators. Weabther conditions
on one day were better than those on the day of the accident and on the second
day they were equal to or better than the accident day. Hesults of this work
showed that the aircraft could not be seen tnough their exact positions were
imomm, as were the angles on which to sight to the positions. Many reports
and sightings were undertaken. Once a reflective flash was seen and bineccu-
lars were trained on it. With this assistance to the observers' normal visiom
the aircraft could be seen but 1t could not be 1dentzfaed as to type or make.

The Board was about to publish its report on this accident when, on
February 1, 1957, it was adwvised of another alleged syewrtness to the colli-
sion. Shortly thereafter the witness was examined, at length, as to his
cbaervations in a deposition taken by the Board.

In substance, the witness testified that on June 30, 1956, while pro-
ceeding to CGrand Camyon, he made his observations through the windshield of
a2 Ford pickup truck in which he was traveling alone on Route &4 toward Desert
View at a speed of 75-80 miles an houy up a prolonged incline in the road.
At the point of observation he was between 5 and 7 males south of Desert View
or 1517 miles south of the estimated collision point.

Then questioned as to why he did not make public the fact that he had
observed the accident, he answered that he did not want %o embarrass himself.
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Although he had several conversations with persons involved in the inves-
tigation of this accident, including Board personnel and personnel of the
air carriers involved, he did not reveal the fact that he had seen the
accident wnitil seven months later.

The Board has carefully evaluated all of the testimony of this witness
and concludes that it has no probative value. First, we cannol accept the
witness' statement with regard to weather conditions. The record contains
full and complete weather information as determined from weather reports,
Pilot reports, and an analysis of the synoptic situation. This testimony
of the witness 1s in direct conflict with the kmown weather conditions, as
clearly set forth by reliable and probative evidence contained in the record
of this case.

Second, with respect to the witness'! description of the relative
positions and identafication of the aircraft, it is unlikely that the witness
could have secen these aircraft in the manner and fram the place he described.
This conclusion is based upon certain tests which were made by the Board imme-
diately after the witness' deposition was taken, and the fact that the witness?
observations were made while driving a truck at very high speed.

Under the circumstances, we cannot accept the witness'! testimony.

The possibility that both aireraft could have been south of their courses,
vging the 3-1/2 minutes of waccounted for time in this manner, is remote. A
radius of action computation shows the tame to be insufficient to bring the
aircraft, especially TWA Flaght 2, to a position much closer than 45 miles to
the observers! point and thereafter flown to the known collision position.

The synoptic weather situation eonsisted of a thermal low centered a
short distance nortlwest of Las Vegas, Nevada. A second low pressure area
was centered in Nebraska from which a cold front extended southwestward into
northem Cclorado, thence westward through central Utah and Nevada as a quasi-
stationary front during the day and nmight of June 29, Aloft the pressure dis-
tribution resulted in a southeasterly flow of moist air into northem Armszona.
Numerous thunderstoms resulted during the afternoon and night of June 29
which increased the surface moisture. These factors prevailed during June 30
causing congiderable low and high cloudiness and showers in the Grand Canyon
area but the winds aloft had become more westerly, ranging from south-
southwest at 8,000 to west at 21,000 feet. West of this area the routes
were clear except for a local coastal stratus condition in the Los Angeles
area and some scattered clouds en route but well below flight altitude.

The conditions described were indicated in forecasts made by the United
States Weather Bureau and both company weather departmenta. These predicted
there would be high broken clouds with 1ight rain showers in the Colorado
River area, the clouds becoming scattered at §,000 feet by 1100, Scattered
thunderstorms were expected south and east of a line defined from Denver
through Hilford, Prescott, and Phoenix. These were expected to dissipate in
the Arizona and southeastern Utah sector after 0700 but to develop again by
1100. The freezing level was anticipated at 15,000 feet with light icing and
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turbulence in the c¢louds. Meoderate to severe turbulence was forecast in
the thunderstoms. These bulldups were expected to develop to 30,000 feet
or higher, protruding through and above the lower coverage. Top of the
lower clouds was antacipated at about 15,000 feet with good visibilaty above
and outside the thunderstorms. The posation of the sun was nearly overhead
at 1031 (1.131 Mo Sa te)o

Pilots who flew near the accident area fumaished some on-the-spot
weather information which essentially supported the forecast conditions.
ne airline captain pagsed about 25 miles southwest of the accident site
a few minutes after the accident occurred., He stated that & lower cloud
coverage commenced well east of Las Vegas with increasing coverage from
Havasu Creek eastward, becoming nearly overcast 20-25 miles west of Grand
Canyon Wllage. Cruising at 19,000 feet he noted several towering cumulus
clouds, one of which was located over the immediate Grand Canyon Village
ares and octhers farther sast and norbheast. He saw no buildups wesht of Grand
Canyon Village. He estimated the height of these to edqual or exceed 25,000
feet and stated that they appeared to still be i1n the active or building
stage. He was unable to estimate the sizme of the thunderstormms relative to
diamever, length, or width. Below, he saixd, the top of the overcast was
approximately 15,000 with few breaks but recalled one such break through
which he saw Grand Canyon Airport, located 25 miles southwest of the accident
site. The captain stated that he operated clear of clouds with no difficulty
as he passed west and southwest of the accident site,

Other pilots flying below the overcast over the Grand Canyen saw 2
shaded yain area to the west., One pilob said there were breaks in the over=
cast with excellent visgibility below 1t. He added that the condition described
existed in all directions to the limit of his visuval abiiity. Through the
breaks he noted no evidence of any appreciatile buildups,

knalysis

The several aresas of damage previously described formed the foundatiom
for a successful although arduocns analytical study relative to the inflight
collision sequence, the extent and effect of the collision damage, and the
relative attitudes of the aircraft at the anstant of impact.

The initial impact ceccurred with the DC-7 moving from right to left
relative to the L-1049 and with the L-1049 moving to ths right and aft rela-
tive to the DC-7. From analysis of rhysicel damage in conslderation of loca-
tiong of the damaged components of the aireraft, it appears that first contact
invlved the center fin leading edge of the L-Ll049 and the Left alleren tip of
the DC-7. Instantly thersafter the lower surface of the D07 left wang struck
the upper aft fuselage of the Constellation wath disimteprating foree. With-
out question this force caused comrlete deshruction of the =ft fuselage and
destroyed the structural integrity of the left wing outer panel. As this oc—
curred and the aircraft continued to pass laterally, the left fun leading edge
of the Constellation and the left wing tip of the DC-7 made contact, tearing
off pieces of both components. During this ssme time the IC-7 Wo. 1 propeller
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inflicted a series of cuts in the area of the aft baggage compartment

of the L-1049. This entire sequence occurred in less than one-half second
and in such a manner that an interlocking of the aircraft was virtually
impossible.

From the extent of damage and the locations of wvarious components on
the ground, the cdllision ripped open the fuselage of the Constellation
frem just forward of its tail to near the main cabin door. The collision
also caused the empennage of the Constellation te separate almost immediately.
This aircraft then pitched down and fell on a short forward trajectory to the
ground. Consideration of these factors leads the Board to conclude that the
collision occurred in space over a position just west of the TWA crash site.

The Umited aircraft appears to have sustained lesser but equally
criticel demage affecting flight. Most of its left outer wing separated
during the collision and it appears likely that the horizontal stabilizer of
the DC-7 was struck by pieces torn off the Constellation., It is also reason-
gble that damage to the left wing restricted aileron contrdl. It is believed
that the DC-7 fell less steerly, probably on a turming path, to the ground.

For damage to have resulted as described earlier and for other areas
to have escaped inflight contact, the alrcraft had to be oriented in a cer-
tain manner relative to each other when the collision occurred. Addjtionally,
and independent of the matching of damage, 2 study was also made relative to
the propeller cuts. Both stodies gave nearly identical results relative to
the angle between the aircraft at the instant of impact. This angle was found
to be approximately 25 degress relative to the longitudinal axes.

From the layout work matching the inflight contact areas, it was deter-
mined that the DC-7 left wing was above the L-1049 relative wing plane or the
IC-7 was rolled approximately 20 degrees right wing down relative to the
I-1049, The study also indicated the aircraft were oriented such that the
vertical distance between empernages of the aircraft was less than the verti-
cal distance between their nose sections. The difference as an angle was
between 5 and 10 degrees. It is important vo recognize that the aircraft
attitudes described are relative or with respect to each other and do not
necessarily reflect their orientation with respeet to the ground.

Because some components of the aircraft were not recovered and others
were destroyed, it was not possible to determine completely whether or not
any mal fenetion ocecurred to either aireraft before impact. From all that
could be examined there was no evidence of mel function znd from all the
evidence surrounding the accident the Board believes there was none.

Analysis of all the available weather information (see attachment 2
as reference), including pllet reports, indicates that the forecast conditions
for the fiights were reasonably accurate. It shows that the two flights de-
parted Los Angeles and climbed through an overcvast approximately 700 feet
thick to clear conditions on top. The overcast was locdl in nature and con-
fined to the Los Angeles coastsl area. Thereafter, the flights, except for
sone scabtbered ¢louds, were in clear weather as they climbed eastbound over
their respective tracks.
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Clear weather appears to have prevalled east of Las Vegas along the
Calorado River to near Havasu Creek but becoming overcast with a few breaks
beginning a short distance east of Havasu Creek. Along the proposed routes
of THA 2 and UAL 718, scattered vlouds camenced shortly east of the Calif-
oernia-Arizona border. Eastward therefram clouds increased to broken, then
overcast with some breaks in the Grand Canyon area to samewhat east of the
accident site. Tops of this main weather coverage were approxamately 15,000
feet with several lower layers, the lowest being about 2,00C feet above the
ground.,

Northwest of Grand Canyon Village, or over the western portion of the
main Grand Canyon, the first of several scatiered buildups appears to have
exristed, It appears to have been isclated with others northeast of it. The
build-ups were apparently formed in the lower clouds and protruded through
and above them to approximately 25,000 feet. An airline captain described
the westerrmost buildup as large but of an indeterminable width and length.
Ho believed it was almost over Grand Canyon Village. Pilois below the over-
cast saw no evidence of it there but at least two noted a rain ares north-
west of thls position. It is entirely likely that the rain area was from
the buildup noted by the captain from above, Pilots flying below the over-
cast also stated that they saw breaks in the overcast but that they were few
and scattered. They observed that the overcast condation covered most if
not akl of the Grand Canyon.

From the evidence available the Board is of the opinion that the weather
conditions at 21,000 feet would not have precluded flight in VFR conditions
in this accident area but that deviations may have been required to crcumvent
the bulldups while the subject flights traversed the area.

According to¢ company procedures Unmited flights were not pemmitted to
fly in instrument weather conditions while operating off airways. Similarly,
THA procedures precluded instrmment flight under the flipht ¢learance om which
its Flight 2 was proceeding at the time of the accident. Fach company, under
the conditions during which this accrdent occurred, therefore required its
flight to adhere to visual flight rules. Fuarther, it is unlikely that Captain
Gandy would proceed into instrmment weather conditions, having previously been
informed that the United flight was in the general area at 21,000 feet. The
Board is therefore of the firm opinion, based on the weather conditions, com—
rany procedures, and good pilot practice, that both f{lighte were operating
asccording to miles prescribed for VFR conditions when the colllsion occurred.

The last position report from each flight indicated, at the time the
report was glven, that each was at 21,000 feet. Although there was no require-
ment for either to remain at that altitude in the wncontrolied ares, with
respect to Alr Traffic Control, each canpeny did require that it be notified
of an altitude change. Because there was no notice and no known reason for
the flights to alter altitude, it is considered reascnable to believe that the
collision occurred at 21,000 feet.

Considering each flight's estimate to the Fainted Desert, together with
alreraft performance, it appears that both flights should have resmched the
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line of position about 17 miles, or 3-1/2 minutes' flying time, farther
east when the accident occurred. Although there are several possibilaties,
no definite conclusion has been reached as to the cause of the 31/2-minute
delay of these aircraft. One possibality is that it could have been caused
by maneuvering to provide a more scenic view for the passengers, although
the evidence is not sufficient to establish this fact. Another possibility
is that a less favorable wind was encoumtered during the subject segments
than was used for estimates which slowed the progress of the flights, A
third possibiliaty is that one or more buildups in the Grand Canyon area may
have required deviations and, if so, could account for the time element
involved,

At approximately 13 the Salt Lake controller was in possession of

the last position report made by each of the subject flights. He was then
aware that when the reports were made both aireraft were operating at 2,000
feet, were on converging courses, and were estimating the Painted Desert at
the same time. He advise” neither flight of this situation. In considerdng
whether or not this should have been dons, the traffic control concept, the
controller's express duties, and the requirements involved to provide this
information to flights must be considered.

Air Traffic Control undertakes to separate alr traffic when it is
operating in accordence with an IFR clearance and while it is within the
confines of controlled airspace. If instrument weather conditions exist
and the above requirements are met, all air traffic would be separated.
However, when visual flight conditions exist instrment traffic is separated
only from other 1ike traffic and not from aireraft being flown under visual
flight rules, much of the latter being unlmown to Air Traffic Control. For
this reason flights in visual conditions are required to provide their om
separation regardless of flight plan or clearance.

Outzide the controlled airspace the air traffic control concept has not
embraced the responsibility for separation of air traffic regardless of
fiight plan, ¢learancs, or weather conditions. In this area no control is
exerclised by Alr Traffic Control, its principal function being to monitor
the progress of flights through an wncontrolled area so that an orderly flow
of instrnment traffic may be accomplished into the adjacent control area.
Control is not presently available in the uncontrelled airspace because suf-
ficient facilities and means for such control do not exist.

At the present tame traffic advigory information to flights is offered
when and where control of air traffic is being exercised. Then, such advi-
gory is discreticnary with the contrcller and is not a mandatory procedure
of control. Accurate and worthwhile traffic informmation requires that the
gentroller be informed of the aircraft involved and have precise and timely
information on the position of flights relative to their altitude and lateral
and forwerd position along a defined track. This information must thereafter
be posted and correlated with like information on other flights to determine
vhether or not a confliciing situstion exists. In the umcontrolled airspace,
as previously stated, flights are permitted greater flexibility to {ake advan~
tage of wind and weather factors. Further, in this area the navigational aids
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ensbling a flight to report its posivien with the preeision necessary to
ensble accurate advisory infomation are insuffieient. The aforementioned
fectors affecting the value of traffic advisory information are evident
with respect to TWA 2 and United 718. Both flights were scmewhat north of
thelr proposed tracks, both were approximately 17 miles west of where they
had estimated they would be at that time, and their actual tracks inter-
sected a considerable distance before the proposed tracks converged. Such
deviations are not wnusval in off-airways operatiom,

Although knowledge of the projected fliight pathes of the subject flights
could have prompted the Salt Leke controller to offer both flights traffic
gdvisory information on a voluntary basis, giving the best information avail-
sble to him at the time, the Board is of the opinion that the existing comtrol
concept, Air Traffic Control pelicies and procedures, and the express duties
of a controller did not reguire him to do sc,.

This accident, as nearly all other midair eollisions, apparently occurred
in visual flight weather condlitions end there is no reason to believe the air-
craft were not being operated in accordance with cloud separation eriteris of
visual flight rules. Under these conditions and zccording to these rules the
vast portion of flying today is being conducted. Accordingly, the present
peans for avolding cellision rests waith the pilot to see and avoid other air-
eraft,

Extengive study of most collision accidents has showm that there was an
opportmity, of varying degree, for the pilot or pilots to see the conflicting
aireraft in sufficlent time for them to take evasive maneuvers to avold the
accident. In many of these accidents where there was survival, however, testi-
mny of the pilots was that they were maintaining a careful lockout but despite
it they did not see the other aircraft in time to avold it or that they d&id not
seo it at ali.

Collision studies, including controlled flight tests, have pointed out
that seeing other aircraft in flight is diffhcult. The degree of such diffi-
culby is variable with numercus tangible and intangible factors affecting it.
The first tangible factor is the angular limits of cockpit vision, or the
vision afforded by cockpit structure and design only.

The second tanglble factor is visual range or the distance that an object
can be seen. Many conditions and eclrcunstances enter into this factor and are
variable, Scme of these are color of the object, its background, and the con-
trast between them. Others are mass of the objecs, 1ts angular size and shape,
and the atmospheric condition of visibility. The latter may slso include alti-
tude effect and cloud obstruction.

A third group of factors is physiclogical or hunan and many of these are
intangible, depending on the individual 's physical condition, degree of fatigue,
and training. The Iman eve will best see an ooject when it is within the sen-
sitive or focal field of wvision, which 15 two to three degrees. An object may
be seen through the peripheral portion of vision or the aree of severzl degrees
ontaide of the focal field. The nwmber of degrees is dependent upon motion

o
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and/or the aforementioned factors providing sufficient stimuli. It may
be noted that aireraft converging on congtant, wmvarying collision courses
provide no relative metlion when viewed from the aircraft. Searching for
aircraft wrthin the visual limits of cockpit wvisibility requires scanning
through those limits, Thais requires time, the amcunt being allied %o the
physiological factors and the adequacy depending on 21l considerations,
including closure speed.

Allied to the element of opportunity it is important to recognize
that the operation of a modern aircrafi requires regular and frequent
attention of the pilot or pilots to duties within the cockplit. Attention
to instrumentation, both operational and nawvigational, is required during
all phases of flight, as well as computations and records pertaining to the
rrogress and anticipated progress of the flight.

Many combinations of adverse factors, conditions, and circumstances
can result in a limited opportunity to see another aircraft. On the other
hand the opportunity to see another aircraft may be good. Here the factors
act to a good and reasonable opportunity for the vigilant pilot and in this
regard the Board expects pllots to maintain the highest degree of vigilance.

It ie recognized that the basic means for traffic separation in VIR
conditions 1s presently the "ses and be seen" philosophy. This concept has
existed as a matter of necessity, with its known limitations, and will con-
tinue until there are suffieient technologlcdl advances to provide additiomal
assistance to the pilot for collision avoidance. The progress of aviation is
moving rapidly toward higher altitudes and greater speeds, with traffic in
inereasing density. Fully awaye of this and its effect, the Board 1s lending
its support to industry, other governmental agencies, and interested perscns
to find and develop methods, means, and devices which will assist the concept
of vigual separation.

Enowing full well that insufficient evidence would preclude determining
with positive resulis the existing copportunities for the subject crews to see
the conflieting aircraft, the Board nevertheless eonducted an exhaustiwve
analygis, This was done to present all information possible from the avail-
able evidence. The analysis was sucecessful in this cbjectaive and disclosed
much which the Board believes will assist its principal goal of greater
gafety in aviation.

Since the attitndes of the aircraft relative to the ground and their
probable flight paths prior %o ccllision are so closely interrelated, they
can be treated together. A& determination of these is imperative relative
to the opportunity for the pilots to hawe seen the conflicting aireraft.

Ag indicated, correlation of the physiczl damage relates one alrcraft
with respect to the other and not wmith respect to the ground, Obvionsly,
the physical orientatdon 1s valid enly at the instant of impact., Bocause
of thiz, and in the sbsence of eyewitnesses, it i1s not known whether one
or both aireraft were rolled, pitched, or yawed relative to the ground.
Without a2 Imowm orientation of a% least one of the alrcraft with respect
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to the ground, an analysis cammot determume a singie flight path of the
aireraft prror to the collision; nor 1s 1t possitle to establish the flight
paths by other known factors in thas accident, It is therefore necessary
to evaloate the objective on the basis of severdl flight path combinations,
knowing that only one existed. Generally, however, the possibilities may
be narrowed into two broad categories wath variations. The possibilities
nay dso be limited by the known orientation of the aireraft to each other
at the instant of impact, which precludes certain other relative attitudes
between the alrcraft,

The first category assumes that there was no evasive action prmor to
collision and that one or both aireraft were tuming within the limits
af forded by the known collision ordentation. This category accepts as
regsomable that both aircraft were being flown commensurate with their
performance for the en route phase of flight. Analybtical studies recog-
niged the variations to this category but found that three limit considera-
tions geem to cover the infinite mmber with respect to the pilots ! visual
oppertumities. Two of these are that elther aircraft was turning while the
other flew straight and level to collision; the third is that both were turn-
ing prior to the accident.

T™e second category of possibility is based on the assunption that there
7as an evasive action initiated by one or both flights bub that it came too
late to avoid the accident. Again, it is reascnable to believe the evasive
action was limited to the lmown oraentation and that the aircraft were being
fiom according to the nomal performance for the en route phase of flight.
The evasive action was also limited to aileron-elevator type maneuvers.
tlthough rudder displacement was studied and evaluated,the aileron-elevator
action appeared to be more consistent with the preponderance of 211 evidence;
however, thas was not entirely conclusive. Even accepting thas limat there
are variations, bubt these can be narrowed by a 1limit consideration. Thisg is
possible because maneuver characteristics of both aircraft showed that an
evasive action mthout sufficient time o avoid the collision would not appre—
glably atter the flight path of either aircraft frem flight paths which pre-
sumed thers was no evasive action. It must be noted, however, that relative
abtitudes of the aireraft would be changsd. Accordingly, the studies under
the second category relating to the visual oprortunities of the crews are
not appreciably altered from the situation where both airerafy were approach-
ing one snother in straight and leval flight at the angle between the longitu-
dindl axes shomn to have existed at the initial impact, 25 degrees.

It 15 kmown that seversl cloud buildups existed in the immediate area
of the collision and their heights exvended well above the cruising altitudes
of both flights. Although it is unknown, i1t is entirely possible that the
aircraft may have been flown so that one was on each side of a2 bwaldup shortly
before collision. The effect of thais would, of course, preclude the crews from
seeing the other aircraft during the tume the cloud or clouds were between them.
@ ouds would alsc require course dewastion im certain situations. They would
@l so pericusly limit the time for pilots to see the conflicting mxreraft, the
emomt depending on the size and shape of the clouds, the lateral dstance
maintained by the flights from them, and the dlstance of the clouds from the
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collision point. Thus, a cloud positioned close to the collision point
would limit the time opportunity as would one which was narrow or elongated.
The intervening cloud factor appears to be a possibility and therefore mes

a necessary consideration in the visual opportunity study. To this end
several representative cloud sizes and shapes were selected and introduced
in the analytical study. The study also included the consideration which
presumed that clouds would not have been a factor. The study accepted as

the 1imit of visual range a dastance of five to six statute miles and assumed
that the aireraft passed the cloud formation at & horizontal distance of
2,000 feet and that they were at the same altitude.

The results of this analysis were then applied to the individual crew
members from their respective cockpit positions. This was accomplished in
the form of windshield displays, thereby incorporating the several situations
with the angular limits of cockpit vision, Attachment 3 reflects the results
as applied in this manner.

From the display it is apparent that the L-104{9 was within the angular
limits of the DC~7 window area from the captain's seat during all the flight
path situations. In the situation of no intervening c¢louds, motion would be
involved in three of the four situations, Windshield formera would block the
captain's view for varying portions of the time opportumity. The time oppor-
tunity with no clouds was 50 to 120 seconds according to the situation being
congidered. The worst cloud situation could reduce the time opportumity to
as low as 12 seconds,

With respect to the DC-7 first officer's position, the L-1049 was within
the angular limits of the DC-7 window area during two of the limit considera-
tions and during the early part of the other two. In the ™o cloud" factor
gituations the L-1049 would have been near maximm visusl range in two condi-
tions, without relative motion in one, and with relative motion in another.
Time opportimity without intervening clouds and with both aircraft straight
and level was 120 seconds. For the other three considerations, including the
intexyvening cloud condition, the opportunity varied from 12 seconds to 50
seconds.

In only one of the conditions does 1t appear that the L-1049 captain
could have seen the DC=7 from his seat; in thais the time opportunity was for
& period of up to 40 seconds with no intervening clouds. In the other three
conditions, according to the study, his opportunity was precluded by the
limits of cockpit structure or because the DC-7 was beyond visual range.

The study indicates that without the intervening cloud condition the
DC-7 was within visual renge and within the angular limats of cockplt vision
from the L-1049 copilot's seat during three of the four flight path situations.
Then the time opportunity wvaried from 50 to 120 seconds, according to the situ-
ation. Two of the displays revesl relative motion. Again, in the wmorst clouwd
situation his time opportumaty wes as low as 12 seconds.

Analysis of the warious possible flight path variations relatave to
cockpit angular limits of visien has shown that one or both pilots of one
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gireraft could have been precluded from seeing the conflicting aircraft
garing eritical periods. The study must also recognize the possible effect
if one crew member was occupied wath cockpit duties and he aleone had the
visual opportunity during this tims.

The Board has shown the existence of cumulus-type clouds In the aceident
area. It has shown that these clouwds may not have been an intervening factor
between the flight paths of the aircraft. Here the time opportunities for
the pilots to effect visual separation were good. In this situation, despite
the possible flight path variations, and in consideration of the aforementioned
factors controlling visual ability of the pilots, the Board is of the opinion
that the range of opportunities was adequate., If thas situvation existed, the
Board believes the pilots should have seem and svoided the other's aircraft.

On the other hand, evidence has shown that during other of the possibi-
lities the pilots' opportunity to effect vasual separation could have been
serlously impaired. Analysis has shown how ¢louds, if positioned between the
flights at a eritical time, could have reduced the time opportunity for cal-
lision avoidance to less than the minimum of 15 or more seconds necessary for
gcarning, pilot reaction, and airplane response.

The Board has carefully studied and arduocusly evaluated all the avail-
sble evidence surrounding this zccident. It has learned all that existing
methods of investigation and evalustion ensbled it to do. This was done
without the assistance of survivors or eyewiinesses whose testimony is con—
sidered imperative to a conplete knowledge and teo single conclusions in the
ccllision~type accident., Because of the lack of this vital information and
when all factors, including intervening clouds, cockpit visuval limitetions,
cockplt duties, the several flight path variations, the fime opportumities,
and the physioclogical limits to human vision are considered, the Board con—
¢ludes there is not enough evidence to determine whether or not there was
safficient opportunity for the pilots to avolid the eollision.

Findinga
On the basis of 2ll available evidence the Board finds that:

1. The companies, the aircraft, aad flaght crews were properly certifi-
cated.

2. Preparation for both flights was complete and routine.

3. The flights were properly dispatched on IFR flight plans, over
accepted high-altitude direct routes.

L. Approaching Daggett, TWA 2 requested its company radio to obtain
2,000 feet as an assigned altitude, or 1,000 on top.

5« Company radio requested 21,000 feet IFR from ARIC., This wes denied
by ARTC, Request was then made for 1,000 on top. This was approved and
clearance issuved. The flight climbed to and proceeded at 21,000 feet.
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6. As an explanation for the denial of 21,000 feet, TWA 2 was fur-
nished pertinent information on UAL 718.

7. The last position report by each flight indicated it was at that
time at 21,000, estimating the Painted Desert line of position at 1031.

8, The Salt Lake controller possessed both position reports at
approximately 1013, at which time both flights were in uncontrolled airspace.

9, Traffic econtrol services are not provided in the uncontrolled air-
space and according to exasting Air Traffic Contrel policies and procedures
the Salt Lake controller was not required to issue traffic information; none
was issued valuntarily.

10, A general overcast with some bresks existed at 15,000 feet in the
Grand Canyon area.

11. Severzal cumulus buildups extending above flight level existed; one
was nearly over Orand Canyon Village and others were north and northeast in
the area of the collision.

12. The collision occurred at approximately 1031 in visusl flight rie
weather conditions at about 21,000 feet.,

13, The collision in space was above & position a short distance west
of the TWA wreckage area, 17 miles west of or approximately 3-1/2 minutes?
flying tame fram the Painted Desert line of position.

14. Under vasual flight rule weather conditions it is the pilot's
respongibilaty to maintain separation from other aircraft,

15. At impact the aircraft relative to each other converged at an angle
of about 25 degrees wath the DC-7 to the right of the L-104{9. The DC-7 was
rolled about 20 degrees right wang down and pitched about 10 degrees nose
down relative to the L-104%9,

16. There was no evidence found t¢ indicate that malfunction or failure
of the aircraft or their components was a factor in the accident.

Probatle Cause

The Board determines that the probable cause of this mid-air collision
was that the pilots did not see each other in tidme to avoid the collisionm.
It is not possible to determine why the pilots did not see each other, but
the evidence suggests that 1t resulted from any one or a combination of the
following factors: Intervening clouds reducing time for visual separstiom,
vlsuzl 1imtations due to cockmt visibilaty, and preoccupetion with normal
cockpls duties, preoccupation with matters unrelsted to cockpit duties such
as attempting to provade the passengers with a more scenic view of the Grand
Canyon area, physiclogical limits to human vision redusing the time opportu-
nity to see and avold the other aircraft, or insufficiency of en route air
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traffic advisory information due to inadequacy of facilities and lack
of personnel in eir traffic contrel,

BI THE CIVIL AERONAUTICS BOARD:

/s/_ JAMES R, TWRFEE _
s/ CHAN QURNEY

/e/ HARLAR D. DEM{Y

/s/_ G, JOSEPH UINETTI

Yerber Louls J. Hector did not take part in the sdoption of the report.



Investipation and Hearing

The Civil Aeronautics Board was notified that the aireraft were
overdue and were assumed to be dowm at 1500, June 30, 1956. Investigators
wore promptly dispatched to the carrlers' search headquarters where notice
was received that the wreckages were located in the Grand Canyon. An inves-
tigation was {mmediately initiated in accordance with the provisions of
Sectiom 702 (a) (2) of the Civil Aercnautics Act of 1938, as smended. A
public hearing was ordered by the Board and was held in the Department of
Cemmerce Auditorium, Washington, D. C., on August 1, 2, 3, and 4, 1956.

Ar Carriers

Trans World Airlines, Inc., a Delaware corporation, is & scheduled
gir carrier with its principal offices located at Kansas City, Missouri.
It possezses a currently effective certificate of public econvenience and
necessity issued by the Civil Aeronautics Board and an air carrier operating
certificate issued by the Civil Aeronautics Admimstration. These awthorize
the carrier to transport by air persons, property, and mail over various
routes including that fram Los Angeles, California, nonstop to Kansas City,
¥issgourd,

United Air Lines, Inc., is & Delaware corporation wath its corporate
of fices in Chicago, Illinois., The company is engsged in transporting by
&ir persons, property, and mail. It hdlds a currently effective certificate
of public convenience and necessity 1ssued by the Civil Aeronautics Board
end an air carrier operating certificate issued by the Cival Aeromautics
Administration. These authorize operation over a mmber of routes imcluding
that from Los Angeles to Chicago.

Fiight Personnel

1. Trans World Airlines

Captain Jack S. Gandy, age 41, was employed by the company December 26,
1939, and became captain in March 1942. He held a valid airman certificate
with currently effective airline transport and Lockheed 1049 ratings.
Captain Gandy had a total of 14,922 flying hours, of which 7,208 were in
the Lockheed 1049. His rest period prior to Flaight 2 of June 30, 1956, was
15 hours. Captain Gandy was qualified over the subject route and had flomn
it 177 times. Hic last proficiency check was Januvary 10, 1956, and his last
thysical, first-class, was completed, wthout waivers, April 5, 1956,

Copilot James H. Ritner, age 1L, was employed by the company on June 2,
1952, He held a valid airman certificate with multi-engine and instrument
ratings. His total flying time was 6,976 hours, wath 825 hours in the equip-
ment involved., His last physical examination was dated August 23, 1955, and
he received an 18-hour rest period durang the 24 hours prior to Fight 2 of
June 30, 1956,



Flight Engineer Forrest D. Breyfogle, age 37, was employed by
Trans World Airiines October 1, 1945. He held a currently effective
mechanic certificate with airframe and engine ratings, a flight engineer
certificate, and a2 radiotelsphone permit. Mr. Breyfogle had accumulated
7,896 flying hours, of which 7,237 were in the equipment involved. His
last physacal examination was received on May 25, 1956,

Flight Engineer Harry H. Allen was aboard Flight 2 as an additional
crew member without flight crew duties.

Hostess Tracine E. Ambruster was employed by the company April 24,
1950,

Hostess Beth E. Davis was employed July 7, 1953.

2. United Air Lines

Captain Robert F. Shirley, age 48, was employed by Tmited Air Lines
July 22, 1937, and was promoted to captain November 1, 1940. During his
employment he accumulated 16,492 flying hours, of which 1,238 were in the
DC-7. He held a valid aiman certificate with, among others, currently
effective alrline transport and DC-7 ratings. Captain Shirley completed
his last first-class physical March 8, 1956. Prior to the subject flight
he had a rest period of 63 hours. Captaan Shirley was qualified over the
route involved and had flown it on 2 regular basis since October L, 1955.

First Officer Robert W. Hamms, age 36, entered the employment of
Mited Air Lines Febrvary 7, 1951. He held a valid aimman certificate
with airline transport and DC-7 ratings. First Officer Harms was captain—
qualified on the DC-3. He had a total of 4,540 flying hours, with 230 in
the equimpment involved. He received a CAA physical examination on May 28,
1956, and prior to Flight 718 of June 30, 1956, had 155 hours of off-duty
tine.

Flaght Enganeer Gerard Fiore, age 39, was employed March 26, 1948,
as a mechanic. He became a flight engineer Febrvary 22, 1951. He held a
currently effective mechanic certificate with airframe and engine ratangs,
and a valid flight engineer certificate. Mr. Fiore had accumulated 2,670
flying hours since March 1, 1953, when records of the company became effec-
tive on engineer persomnel. During this time he flew 285 hours in the
equiment involved.

Stewardess Fancy L. Kemnitz was employed by the company February 28,
1954.

Stewardess Margaret 4. Shoudt was employed September 1, 1954.
The Aircraft

1. Trans World Airlines

N 6902C, a Lockheed Constellation, model 1040A (covered in CAA air-
craft specification No, 6A5 under the heading Model 1049-54), bore manufacturer

-3 -



serial mumber 40L6. The aircraft was placed 1n service by the company
May 22, 1952, and had a total of 10,519 flying hours, of whach 2,07 hours
were accumulated since the last major overhaul, waith a line maintenance
check accomplished just prior to Flight 2 of June 30, 1956. The aircraft
vas equipped with Wright engines, model WAD975C18CB-1, and Hamilton Stand-
ard propellers, model 43E60 with model 6901A-0 blades.

2¢ United Air Lines

N 6324C, a Douglas DC-7, was purchased by United Air Lines January 10,
1955, It bYore manufacturer's serial mmber 44282 and company number 9124.
The aircraft had been flown 5,115 hours, 1,125 of which were accunulated
since its last overhaul. A line maintenance check was completed before
origination of Flight 718 of June 30, 1956. The aircraft was equipped with
Yright engines, model 972TC18DA-2-4. The propellers were Hamilton Standard
34E60 with model 6921C-8 blades.
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TWA-UAL COLLISION GRAND CANYON, ARIZONA, JUNE 30, 1956
ATTACHMENT 3, Pagel
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